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in response to locking of the San Andreas and will be recovered in great earthquakes similar to the 1857 M=8.2 Fort Tejon earthquake, which resulted in 3 to 9 m of right slip along 400 km of the San Andreas (Sieh and others 1978) .
The Big Bend in the San Andreas also produces north-south shortening 50 km to the south of the fault, in and near metropolitan L.A. This shortening is evident in the rugged and youthful topography along the southern base of the San Gabriel Mountains (Yeats and others 1994) , in the shortening of north-south distances across L.A. observed with geodesy (Feigl and others 1993) , and in the reverse slip occurring during the 1971 M=6. 6 San Fernando, 1987 M=5.8 Whittier, and 1992 M=6.7 Northridge earthquakes. Moderately large (M=6.5 to 7.4) earthquakes in metropolitan L.A. may cause as much damage as a very large (M=8.2) earthquake rupturing the more distant San Andreas (Dolan and others 1995) .
Interseismic Velocity Field
We estimate the velocity of 200 sites in southern California using five sets of geodetic data: permanent Global Positioning System (GPS), campaign GPS, geodolite, Very Long Baseline Interferometry (VLBI), and Satellite Laser Ranging (SLR). Using data from January 1991 to May 1998, we estimate the velocity of 175 global permanent GPS sites using the GIPSY data reduction package. Plots showing position as a h ction of time for all 175 sites are available on the internet at http://sideshow.jpl.nasa. gov/mbh/series.html. Thirty-five of the 175 sites are part of the Southern California Integrated GPS Network (SCIGN), a dense array across metropolitan L.A. Thirty of the 35 SCIGN sites have 2.5 to 4 years of data, all of which are from after the 1994
Northridge earthquake. The remaining five sites are permanent GPS geodetic array (PGGA) sites and have data over 6 to 7 years (Bock and others 1997 ative to the interiors of the major plates. We therefore impose velocity ties to permanent GPS, VLBI, and SLR sites at 24 places to put the SCEC campaign and geodolite velocities into frames fixed to the plate interiors.
We aim to estimate an interseismic velocity field unbiased by either coseismic offsets or postseismic transients. Postseismic transients arising from the 1992 Landers and 1994 Northridge earthquakes do not bias the geodolite, SCEC campaign, VLBI, and, SLR data because nearly all these data are from before the Landers earthquake.
Postseismic transients due to the Northridge earthquake are small but significant within a few tens of km of the rupture The east component of velocity of the permanent GPS site at JPL increased abruptly by -15 mm/yr during the Northridge earthquake (Heflin and others 1998).
The pre-Northridge GPS velocity is anomalous with regard to the pre-Landers VLBI velocity whereas the post-Northridge GPS velocity is consistent with the pre-Landers VLBI velocity. We take the post-Northridge GPS velocity to be representative of the interseismic velocity field and omit the anomalous pre-Northridge GPS data. The two decades of geodolite data exhibit, aside from coseismic offsets, only one variation in rate, supporting the idea that the interseismic velocity field is nearly constant aside from coseismic offsets and postseismic transients (Savage and Lisowski 1995) . On the other hand Jackson and others (1997) and Savage and Lisowski (1998) suggest that the interseismic velocity varies over several decades.
Elastic Strain Due to Locking of the San Andreas Fault
We aim to determine the strain that is being or will be released in and near metropolitan L.A. Therefore we remove from the velocity field the elastic strain that is building up due to locking of the San Andreas and San Jacinto faults. We approximate this elastic strain using a model consisting of screw dislocations along the locked segments of the two faults. We assume fault segments are locked from the surface to the maximum depth of seismicity, which is 13 to 20 km (Hill and others 1990; Magistrale and Zhou 1996) . We assume also that fault segments are accumulating slip deficits at rates equal to Holocene slip rates estimated from paleoseismology (WGCEP 1995) .
Geodolite data exhibit a more gentle gradient in the component of velocity parallel to the Mojave segment of the San Andreas than would be expected from a 15-km locking depth and a 30-mm/yr slip rate (Eberhart-Phillips and others 1990; Lisowski and others 1991; Shen and others 1996; Savage and others 1998). Therefore, rather than using the numbers from seismicity and paleoseismology, we estimate the locking 5 depth and slip rate deficit using the geodetic data. We assume that the crust on either side of the fault is comprised of two distinct crustal blocks, the west Mojave Desert block to the northeast and the San Gabriel Mountains block to the southwest. We assume also that all strain in the two blocks is elastic strain due to locking of the San Andreas and San Jacinto faults, and that all this elastic strain will be recovered in right-slip earthquakes breaking the two faults. The western Mojave Desert block is (We also impose the requirement that the component of the velocity between the two crustal blocks that is parallel to the fault segment be equal to the slip rate deficit. This requirement is implicit in the assumption that the fault is locked.) We next use trial and error to find the locking depth and slip rate that minimizes data misfits assuming the two crustal blocks are rigid aside from the elastic strain due to locking of the two faults. We find the best-fitting parameters to be a locking depth of 20 k3 km and a slip rate of 25 s mm/yr. The parameter estimates are from a joint inversion of all the geodetic data and a single geologic datum, the 30 k5 mm/yr Holocene slip rate for the Mojave fault segment from paleoseismology. The best-fitting parameters from the geodetic data alone are' 18 km and 23 mm/yr. The two parameters covary, with deeper locking depths corresponding to faster slip rates.
The data show that, aside from the elastic strain due to locking of the San Andreas, the two blocks are indeed behaving nearly rigidly. The weighted root mean square of residuals for the San Gabriel Mountains block is 0.54 mm/yr and that for the west Mojave Desert block is 0.66 mm/yr. Therefore it appears likely that nearly all the strain building up in the two blocks is elastic and will be recovered in right-slip earthquakes along the San Andreas. It is unsurprising that the data misfits are small in the western Mojave Desert block because few earthquakes and only minor faults occur therein. One might suspect that north-south shortening across the San Gabriel Mountains block might be presently building the ranges, but the data require shortening perpendicular to the San Andreas to be about zero (Lisowski and others 1991) .
North-South Shortening Across Northern Metropolitan Los Angeles
In Figure 1 we show the velocity field after removing the elastic strain due to lock- Walls and others (1998) maintain that the metropolitan L.A. area is undergoing east-west lengthening in response to north-south shortening. They estimate the eastwest lengthening rate to be 6 mm/yr. We, in contrast, find the lengthening rate to be 0 f2.5 mm/yr (Figure 3) . Nearly half of the difference between them and us is due to our removal of the elastic strain due to locking of the San Andreas and San Jacinto faults. This elastic strain removal reduces the east-west lengthening between Palos Verdes and Lake Mathews, which are the two sites on either end of their study area, by 2.8 mm/yr. Thus earthquakes rupturing the San Andreas fault similar to the 1857.
earthquake will result in east-west shortening across metropolitan L.A., thus recovering east-west lengthening building up over the interseismic period.
An additional one-quarter of the difference between us and Walls and others is due, we believe, to overstatement on their part. From Figure 2 of Walls and others we estimate that the east component of velocity differs between Lake Mathews and Palos
Verdes by 4.5 mm/yr, which is 1.5 mm/yr less than the 6 mm/yr they quote on page 359. The remaining difference, which is 1.7 mm/yr, is due to differences between the geodolite results, which we use and they don't, and the permanent GPS results. 
